M edicare-certified home health agencies, which provide a comprehensive array of in-home services, including home health aide assistance, social work, nursing, occupational therapy, physical therapy, and speech therapy, serve a critical role in caring for individuals receiving ongoing outpatient care or who have been discharged from a nursing home or hospital.
1,2 High-quality home health care can benefit individuals and health systems by improving individuals' health status and quality of life, shortening hospital stays, lowering hospital costs, and preventing unplanned readmissions. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] As the population in the United States ages and the number of elderly individuals grows (from 45 million in 2015 to a projected 84 million in 2050), 15 the provision of high-quality home health care is an increasingly important component of the U.S. healthcare system. Given that home health agencies provide the majority of home health care in this country, there are increasing national efforts to monitor and improve the quality of agency performance. Since 1999, Medicare-certified agencies have been required to report data on quality processes and outcomes to the Centers for Medicare and Medicaid Services (CMS), and in 2003, CMS began publicly reporting agency performance. 2, 16, 17 In addition, in 2005, the National Quality Forum endorsed standardized performance measures that aim to facilitate comparison of the quality of home health care. 18 Despite increased attention to the quality of home health care, data about the quality of performance of agencies and variation in performance are limited. 13, [19] [20] [21] Prior studies have largely focused on home health care use and services. [22] [23] [24] [25] [26] [27] [28] Although these studies have shown that rural areas used home health care services less frequently and that a single agency was more likely to serve areas in the Midwest and West, [22] [23] [24] [25] it is largely unknown how much geographic variation there is in quality of agency performance. There could be regional contextual influences that lead to regional variation in addition to variation between individual agencies. Such influences might include the local workforce, the social and medical context of the individuals served, and other forces that result in a lack of homogeneity according to location. Nevertheless few studies have examined regional context. The assessment of agency performance might increase awareness of the variation in quality of home health care in the United States and stimulate greater investments to achieve a reliable national standard of quality across all agencies. Accordingly, national home health care data from 2011 to 2015 was used to assess trends in agency performance, including variation in performance and identification of consistently low-performing agencies, as well as agency-and countylevel characteristics associated with agency performance.
METHODS

Study Sample
The home health care data, publicly available at Home Health Compare (http://www.medicare.gov/download/d ownloaddb.asp), at the agency level, includes quality performance, patient survey results, and agency characteristics. The patient survey data measure patient satisfaction and experience of care. CMS obtains this information from the Outcome and Assessment Information Set that has assessments for individuals who received home health care. Data in the Home Health Compare are updated quarterly and reported on a rolling basis as a 12-month period that spans two calendar years. The first year and last year of the 12-month period were used to define a time period, and data were constructed from four time periods Performance and patient survey data were available for each period. Not all agencies were repeated in each substudy period.
Home Health Agency Performance
For each agency, CMS reports a performance score, ranging from 0 to 100, corresponding to lowest to highest performance, for each of the 27 indicators that can be categorized into five quality measures and one survey measure: managing daily activities, managing pain and treating symptoms, treating wounds and preventing pressure, preventing harm, preventing unplanned hospital care, and patient experience of care (Table S1 ). Each quality indicator score was adjusted for patient characteristics and medical conditions. 16, 17 All agencies were required to have at least 6 months of data and to have data for at least one indicator in each of the six measures. Because approximately 22% of agencies had no data or less than 6 months of data for the patient survey measure, the main analysis was restricted to the five quality measures, which comprise 22 indicators, although a sensitivity analysis was conducted excluding the 22% of agencies that had no data for the survey measure (Appendix 1, Table S1 ).
For each time period and each agency, a measure-specific score was calculated for each quality measure based on an average of the indicator scores within each measure, which ranged from 0 to 100, corresponding to the lowest to highest performance. If an agency had missing data for a particular indicator in a given measure, the measure-specific score was calculated by excluding that indicator. For indicators in which a low score indicated better performance, that score was subtracted from 100 so that a high score indicated better performance. For the main analysis, the five quality performance scores were combined into one composite score by adding them together (range 0-500). For the sensitivity analysis, the one patient survey measure was also added (range 0-600).
Outcome
The primary outcome was the agency-specific composite score. An agency was classified as low performing if its performance score was lower than the 25th percentile of all agencies' scores. An agency was assigned to a county if that agency provided services to individuals residing in any ZIP code in that county. For each county, agency performance scores were aggregated weighted according to the population aged 18 and older in the ZIP codes that the agency served in that county.
Agency and County Characteristics
Agency-specific characteristics were included in the agency-level analysis: years of Medicare certification; partial service (providing fewer than six types of services vs all six services), ownership (proprietary vs other), the average distance (miles) between an agency's office and a patient's home, and number of ZIP codes within a county that an agency served. For the county-level analysis, the above agency-specific characteristics and county-specific characteristics (median income, population distribution according to high school graduation, insurance coverage, race and ethnicity (white, black, Hispanic, other), age, sex) available from the 2013 U.S. Census estimates (www.cen sus.gov) were included.
Statistical Analysis
Agency performance was compared at the agency and county levels. To assess the variation in performance at the agency level, the dispersion in performance of each quality indicator across agencies was quantified by calculating the population-weighted coefficient of variation. An indicator with a high value in the coefficient of variation implies more heterogeneity in agency performance. To assess variation in performance at the county level, the performance scores were mapped by coloring counties according to their scores in the 2011-12 and 2014-15 periods with a gradient from green to red (representing highest to lowest scores).
To assess agency characteristics associated with performance, a mixed model with agency-specific random intercepts was fitted to model the performance score as a function of the agency-specific characteristics, accounting for time periods represented by an ordinal variable (time = 0 for 2011-12, time = 1 for 2012-13, time = 2 for 2013-14, time = 3 for 2014-15). To assess county characteristics associated with performance, a mixed model with county-specific random intercepts was fitted to model the overall county-specific performance score as a function of agency-and county-specific characteristics, accounting for time periods. A spherical covariate structure was included in the model to account for spatial autocorrelation across counties. Analyses were conducted using SAS version 9.4 64-bit (SAS Institute, Inc., Cary, NC).
RESULTS
Study Sample
The study included 11,462 Medicare-certified home health agencies that served 92.4% of all ZIP codes nationwide, accounting for 315.2 million people. Overall, these agencies had been Medicare certified for a median of 10.0 years (interquartile range (IQR) 4.0-23.0 years); 20.7% were partial service, and 76.7% were proprietary. The median distance between an agency and a patient's home was 16.6 miles (IQR 12.1-23.6 miles), and the median number of ZIP codes served per agency were 40.0 (IQR 24.0-64.0) ( Table 1) .
Agency Performance
The overall composite score was 492.3 AE 21.7 out of 600 with the patient survey measure and 409 AE 22.7 out of 500 without, or 82% of the total scores (Table 1) . No agency achieved the highest score. Mean scores for the 27 quality indicators ranged from 48 to 98 out of 100 (Figure 1A) . Overall, 18 indicators (four of which included the patient survey measure) had a mean score of 80 or above, and three indicators had a mean score below 60 (Table S1 ). Between 2011-12 and 2014-15, 11 indicators increased by at least 1 point, and two decreased by at least 1 point (Table S1 ). In 2014-15, three indicators had a score of 98 or above out of 100 (Table S1 ). Of the five quality measures, "managing daily activities" was the only measure whose score improved from 2011-12 (57 AE 11.6) to 2014-15 (61AE12.6) these numbers do not require a decimal point. (out of 100). No other scores changed substantially (Table 1) . Between 2011-12 and 2014-15, the average composite score without the patient survey measure increased from 404 AE 21.2 to 411 AE 22.5 out of 500 (P < .001, Figure 2A ; Figure S1 ). There were 115 agencies (1.2% of total) with a performance score lower than 350 out of 500, or below 70% of the total score in 2011-12 and 104 (1.1% of total) in 2014-15, of which 16 agencies were in both periods. Between 2011-12 and 2014-15, the threshold for the lowperforming group increased from 392 to 398 out of 500. There were 3,179 agencies classified at least one time in the low-performing group, of which 493, covering approximately 5.5% of all ZIP codes served by all agencies, were consistently in the low-performing group during the study period ( Figure 2B ). Mean composite scores (out of 500) were 419 AE 13.7 for never, 392 AE 19.6 for at least one time, and 375 AE 15.4 for always being in the low-performing group (P < .001, Table 1, Figure 2C ). There were eight indicators with a mean score of less than 60 in the low-performing group (Table S2) .
Variation in Agency Performance
At the agency level, the coefficients of dispersion of the individual quality indicators ranged from 62.8 to 4.9 Figure 1 . (A) Distribution of home health agency performance and (B) coefficient of dispersion according to the 27 individual indicators: 1 = how often patients improved at getting in and out of bed; 2 = how often patients improved at walking or moving around; 3 = how often patients improved at bathing; 4 = how often patients' breathing improved; 5 = how often patients had less pain when moving around; 6 = how often the home health team treated symptoms of people with heart failure (weakening of the heart); 7 = how often the home health team treated their patients' pain; 8 = how often the home health team checked patients for pain; 9 = how often patients improved at taking their drugs correctly by mouth; 10 = how often the home health team determined whether their patients received a pneumococcal vaccine (pneumonia shot); 11 = how often the home health team determined whether patients received an influenza shot for the current influenza season; 12 = how often the home health team began their patients' care in a timely manner; 13 = how often the home health team taught patients (or their family caregivers) about their drugs; 14 = for patients with diabetes, how often the home health team obtained doctor's orders, gave foot care, and taught patients about foot care; 15 = how often the home health team checked patients for depression; 16 = how often the home health team checked patients' risk of falling; 17 = how often home health patients had to be admitted to the hospital; 18 = how often patients receiving home health care needed any urgent, unplanned care in the hospital emergency department without being admitted to the hospital; 19 = how often patients' wounds improved or healed after an operation; 20 = how often the home health team took doctor-ordered action to prevent pressure sores (bed sores); 21 = how often the home health team included treatments to prevent pressure sores (bed sores) in the plan of care; 22 = how often the home health team checked patients for risk of developing pressure sores (bed sores); 23 = patients who reported that they would definitely recommend the home health agency to friends and family; 24 = patients who reported that their home health team discussed medicines, pain, and home safety with them; 25 = patients who gave their home health agency a rating of 9 or 10 on a scale from 0 (lowest) to 10 (highest); 26 = patients who reported that their home health team communicated well with them; 27 = patients who reported that their home health team gave care in a professional way. Figure 3D shows the location of the 493 agencies that were always in the low-performing group.
Characteristics Associated with Agency Performance
Agencies with longer Medicare-certified years were more likely to have higher performance scores; agencies providing partial services, with proprietary ownership, and with long travel distances to reach patients tended to have lowperforming scores ( Figure S2 ). Counties with people with high incomes and greater insurance coverage were more likely to be served by high-performing agencies; counties with more Hispanic residences were more likely to be served by low-performing agencies (Tables S3 and S4 ).
Sensitivity Analysis
The results from the sensitivity analysis restricted to agencies with patient survey data were not substantially different (Appendix 2).
DISCUSSION
This large, comprehensive investigation of home health agency performance on several quality measures provides a contemporary picture of national trends in quality. Efforts to improve care immediately after a hospitalization or nursing home stay require systemic changes beyond the reach of hospitals, healthcare practitioners, and individuals. Given that over time, patients are more likely to be discharged with home health care 29 , the current study may help policy-makers understand what has been achieved and inform how best to encourage quality.
Better performance may lead to better care. The association between nursing home and home health performance in quality of care and outcomes has been studied. 9, 13, [30] [31] [32] For example, one study found that individuals receiving care in higher-quality skilled nursing facilities had lower readmission rates (18%) than those in lower-quality skilled nursing facilities (22%). 9 Another study found that improving nursing home and home health performance was associated with lower community-level risk-standardized readmission rates. 13 The existing standard is that all agencies should achieve the highest score for quality care. The current study found that approximately 500 agencies were consistently classified as low performers throughout the study period. Given that agencies in the low-performing group have the greatest opportunity to improve, reaching the national average or an achievable benchmark of care 33 could be a first step for these agencies. Once the low-performing agencies improve their performance, the national average or the achievable benchmark can be updated, and a new threshold for low performance can be estimated, leading to a new cycle of quality improvement.
Although approximately two-thirds of indicators had a score of 80 out of 100, no agency achieved 80 or higher for all indicators scored. Thus, policies could be designed to encourage all agencies to reach the national average of 80 or higher on each indicator. Moreover, three indicators had a mean score of less than 60 across all agencies: how often individuals improved at getting in and out of bed; how often individuals improved at walking or moving around; and how often individuals improved at taking their drugs correctly by mouth. These indicators are a cornerstone of home health care and should merit focused attention.
It was also found that three indicators had consistently high scores: how often the home health team checked for pain (98), how often the home health team treated individuals' pain (98), and how often the home health team checked individuals' risk of falling (99). These indicators may be modified to evaluate a higher standard of quality. At the time of submission of this study, CMS announced that it would drop six quality indicators from Home Health Compare in 2017, including the above two painrelated indicators. 34 Replacing outdated indicators with more-contemporary standards for person-centered care has been an important strategy for advancing high-quality care in hospitals and should be applied in home health care as well. Given the importance of home health care, market demand is likely to increase, and its function could expand; if so, new quality of care indicators would be indicated. For example, home health care may play an important role in the provision of in-home palliative care, which has been associated with less symptom burden and greater patient and caregiver satisfaction. 8, [35] [36] [37] [38] [39] [40] The relationship between the quality and the availability or use of home health care is unclear. Regions that have good availability of home health services may not necessarily receive high-quality care. It has been reported that the central regions, particularly the South Central region, have greater home health care availability than other regions. 25, 26 The current study findings indicate that the South Central region had lower performance than other regions.
This study suggests that specific agency-level characteristics are associated with performance, including Medicare certification and offering full as opposed to partial services. The finding that proprietary ownership of agencies is associated with a low-performing score extends prior studies [30] [31] [32] and provides a more-contemporary assessment at the national level. For example, the 2003-07 home health care data were used to assess changes in agency performance after the initiation of Home Health Compare, and it was found that nonprofit agencies showed greater improvement on some quality measures than their counterparts. 31 Another study used national cost and case mix-adjusted quality outcomes data and found that forprofit agencies had higher costs but poorer performance than nonprofit agencies. 32 The negative association between an agency's performance and its distance from patient homes may reflect the need for staff to travel long distances, which may restrict their ability to provide highquality care and increase staff turnover rates. [41] [42] [43] [44] Moreover, in rural areas, travel times for staff may inhibit quality of performance. The social, economic, and clinical context in rural areas may affect performance. In some cases, this situation may not be improved than by moving the agency and its clients to less rural and more affluent or desirable locations. Thus, improvements in quality will need to consider not only internal organizational factors, but also external factors-requiring a more-collaborative approach to quality improvement. The findings that lowincome and Hispanic populations were more likely to be served by low-performing agencies may indicate potential disparities in home health care, and future studies are warranted to elucidate this. Other factors, such as better documentation of hospital and nursing home stays and discharge instructions and timely outpatient follow-up visits, were not included in the analysis, but they could be important to support agencies in providing appropriate, responsive care. [45] [46] [47] This study has limitations. Two 30-day hospital readmission-related indicators that were recently available were not included. 48 The study was conducted based on agency-level data, not individual-level data. It was not possible to account for factors regarding the social and medical context of the people served, such as cleanliness and safety of their homes, the presence of social support networks, their insurance status, and access to medications. These factors may affect agency performance but were not accounted for in the CMS adjusted score for indicators. These data are important for understanding agency performance and should be a focus of future research.
In conclusion, home health agency performance on several quality indicators varied, and many agencies were persistently in the lowest quartile of performance. Still, there is a need to improve the quality of care of all agencies. Many parts of the United States, particularly areas with lower income and areas with more Hispanic residents, are more likely to receive lower quality home health care. Conflict of Interest: None. Author Contributions: Dr. Wang had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Study concept and design: HK, YW, ES. Acquisition of subjects and data: HK, YW. Analysis and interpretation of data, preparation of manuscript: All authors.
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